The gene for esterase (rEst1) was isolated from a new species of genus Rheinheimera by functional screening of E. coli cells transformed with the pSMART/HaeIII genomic library. E. coli cells harboring the esterase gene insert could grow and produce clear halo zones on tributyrin agar. The rEst1 ORF consisted of 1,029 bp, corresponding to 342 amino acid residues with a molecular mass of 37 kDa. The signal P program 3.0 revealed the presence of a signal peptide of 25 amino acids. Esterase activity, however, was associated with a homotrimeric form of molecular mass 95 kDa and not with the monomeric form. The deduced amino acid sequence showed only 54% sequence identity with the closest lipase from Cellvibrio japonicus strain Ueda 107. Conserved domain search and multiple sequence alignment revealed the presence of an esterase/ lipase conserved domain consisting of a GXSXG motif, HGGG motif (oxyanion hole) and HGF motif, typical of the class IV hormone sensitive lipase family. On the basis of the sequence comparison with known esterases/ lipases, REst1 represents a new esterase belonging to the class IV family. The purified enzyme worked optimally at 50 o C and pH 8, utilized pNP esters of short chain lengths, and showed best catalytic activity with p-nitrophenyl butyrate (C 4 ), indicating that it was an esterase. The enzyme was completely inhibited by PMSF and DEPC and showed moderate organotolerance.
Genus Rheinheimera [8] belongs to family Chromatiacae of Gammaproteobacteria, which also includes Alishewanella [12] and Alkalimonas [24] . Members of genus Rheinheimera are most abundant in marine and estuarine environments [1] . Rheinheimera is a very recently described genus and has been named after a German marine microbiologist, Gerhard Rheinheimer, in recognition of his work on marine and estuarine bacteria. The first species, R. baltica [8] , was isolated from the Baltic Sea. Other species described include R. pacifica [31] , R. perlucida [9] , R. chironomi [16] , R. texasensis [28] , R. soli [33] , and R. tangshanensis [38] . We have isolated a new species of Rheinheimera (GenBank Accession No. FJ645062) from industrial wastewaters and in this work are reporting a new esterase (REst1) from it.
Bacteria produce different classes of lipolytic enzymes, including carboxylesterases (E.C. 3.1.1.1), which hydrolyze small ester-containing molecules at least partly soluble in water [4] , true lipases (E.C. 3.1.1.3) that display maximal activity towards water-insoluble long-chain triglycerides, and various types of phospholipases.
Being widely spread in several species, microbial esterases present high industrial potential and are often more useful than the enzymes from other sources owing to their substrate specificity, regioselectivity, and enantioselectivity, ability to remain active in organic solvents, high yields, and ease of genetic manipulation [17] . Esterases are applied in the synthesis of optically active compounds, pulp and paper industry, food processing, beverages, perfume industries, and degradation of synthetic materials.
Bacterial class IV hormone-sensitive lipase (HSL) family displays striking amino acid sequence similarity to the mammalian HSL [19] . The bacterial proteins in the HSL family are only homologous to the catalytic domain of HSL. Their sizes are roughly comparable with the size of this catalytic domain. They are region 1, which contains a GXSXG motif that is conserved in most lipases/esterases and includes the active-site Ser residue, and region 2, which contains other two active-site residues (Asp and His). They show the characteristic α/β-hydrolase fold and the pentapeptide motif is usually located between a β-strand and the α-helix, forming an extremely sharp turn called ''nucleophile elbow'' [11] .
In this study, a new esterase, REst1 (EMBL Accession No. FN985096), has been described from a new species of genus Rheinheimera. The enzyme has been cloned from a genomic library, purified, and characterized, and the results suggest that it is a new member of the HSL family.
MATERIALS AND METHODS

Isolation and Identification of the Organism
The organism was isolated from industrial wastewater of Chandigarh City. Genomic DNA was prepared as described by Ausubel et al. [5] . The 16S rRNA gene was amplified by PCR using universal primers and the PCR products were sequenced directly. The sequence was further compared with sequences deposited in GenBank and analyzed by the BLAST program [3] . Multiple sequence alignment of sequences was performed using CLUSTAL_X (version 2.0) [37] . Aligned sequences were analyzed using the MEGA 4 software [35] .
Plasmid, Enzymes and Chemicals
Linearized (blunt ends) and dephosphorylated pSMART LC-Amp plasmid (Lucigen corporation, USA) was used as the cloning vector and electrocompetent E. coli DH10β as the host for gene cloning and expression. HaeIII, HindIII and EcoRI enzymes were purchased from New England Biolabs, USA. Tributyrin and ampicillin were purchased from Himedia, India, and p-nitrophenyl esters were purchased from Sigma Aldrich, USA. Phenyl Sepharose was obtained from GE Healthcare.
Generation of Genomic Library
Genomic DNA was extracted as previously described [5] . The DNA was partially digested using a blunt-end tetra cutter, HaeIII. The agarose gel piece, containing the desired fragments (2-6 kb), was excised and DNA extracted using the QIAquick Gel Extraction Kit (QIAGEN). Ligation was done using the pSMART vector at 22 o C for 4 h. The electrocompetent E. coli cells suspension was mixed with ligation mix and electroporated as per the manufacturer's instructions using the Micropulser electroporation apparatus from Bio-Rad. Then 100 µl of transformed cells was plated on Luria agar plates containing ampicillin (100 µg/ml) and tributyrin (1%). The plates were incubated at 37 o C for 72 h. The transformants with a zone of clearance on tributyrin plates were selected. Plasmid was isolated from the transformants using a GE Healthcare plasmid mini prep kit. Gene inserts were confirmed by restriction analysis using EcoRI and HindIII enzymes.
Sequence Analysis of the Insert
The Insert was sequenced using standard sequencing primers for the pSMART vector. The amino acid sequence (EMBL No. FN985096) was compared with other known sequences using BLAST search [3] . The N-terminal signal peptide analysis was done by using the Signal IP version 3.0 program [6] . The hydropathicity of the protein was determined using the Kyte and Doolittle scale [20] . CD search [27] and Clustal W [36] were used to search the conserved domains and execute multiple alignments. MEGA 4 software [35] was used to construct the phylogenetic tree and to find its relatedness to known families of the enzymes. Endscript [14] and I-TASSER [32] were used to predict the secondary and tertiary structures of the protein. The validation of the model was done by PROCHECK [22] .
Enzyme Assay
Enzyme activity was determined by monitoring the release of pnitrophenol from 0.2 mM p-nitrophenyl esters at 405 nm (optimum wavelength) and 348 nm (isosbestic wavelength) using a Hitachi U1900 spectrophotometer for 10 min at 50 o C. One unit of esterase activity (EU) was defined as the amount of enzyme that released 1 µmol of p-nitrophenol per minute.
Purification of Esterase E. coli DH10β cells harboring recombinant pANP-14 (pSMART plasmid containing the rEst1 gene) were grown in 20 ml of LB broth supplemented with 100 µg/ml ampicillin. Overnight cultures were transferred to 2 l of LB medium and cultivated at 37 [21] using Amersham Biosciences mini VE equipment. Gels were stained with Coomassie Brilliant Blue R-250 and destained with methanol:acetic acid:water (5:1:4). Protein concentration was determined using Folin-phenol method [23] with BSA as the standard. Activity staining of esterase was performed using 1% tributyrin and 1% agar in 50 mM phosphate buffer, pH 8.0 [33] . The intensity of the bands was detected using the densitometry software, Image J [30] .
RESULTS
The morphological, colony and biochemical characterizations of the strain and its antibiotic sensitivity (Suppl . Table S1) were carried out according to Bergey's Manual of Systematic Bacteriology (Volume 2) [7] . It tested positive for laccase (syringaldazine) and esterase (tributyrin) enzymes. Growth was observed in a temperature range of 15-42 o C with an optimum between 30 and 37 o C, whereas the pH range was 7-10 with an optimum at pH 7. Tolerance to NaCl was observed only upto 2% with maximum growth in the absence of NaCl. The strain has been deposited in the Microbial Type Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh, India (MTCC No. 9795).
16S rRNA Gene Sequencing and Phylogenetic Analysis
The 16S rRNA gene sequence (1,436 bp) analysis revealed that the organism phylogenetically belonged to genus Rheinheimera and was closely related to the type strain R. tangshanensis (98.2% similarity) with bootstrap confidence of 97% (neighbor-joining method; Fig. 1 ), followed by 93.4% similarity with the type strain of R. texasensis. On the basis of sequence similarity, the isolate might form a new species (GenBank Accession No. FJ645062).
Cloning and Sequence Analysis of rEst1
Out of the 2×10 6 transformants obtained, an esterase-positive transformant with the insert size of 2,903 bp was sequenced. The ORF finder revealed the presence of three ORFs in the same orientation (Fig. 2) . The -35 region with sequence GGTACA and ribosome-binding site GGAG were located upstream of the start codon. The signal P program predicted a signal peptide of 25 amino acids with high hydrophobic content. The proposed ORF contained 1,029 bp yielding a protein of 342 amino acids and molecular mass of 37.2 kDa. Comparison with the sequences in the Swiss Prot protein sequence database showed that REst1 was only 54% identical to the closest lipase from Cellvibrio japonicus Ueda 107 and showed less than 34% identity with other lipases/esterases. The conserved domains in the deduced amino acid sequence were identified as esterase/lipaseconserved domain (COG0657), which plays a role in lipid metabolism; dipeptidyl amino peptidase domain (COG1506) which is involved in amino acid transport and metabolism; and Ab hydrolase domain (CG1073), which denotes the α/β hydrolases fold and is present in a wide range of enzymes. Another domain, dienelactone hydrolase (CG0412), involved in secondary metabolites biosynthesis, was also present. Multiple sequence alignment showed the presence of the catalytic triad residues Asp 273 and His 305 and the catalytic nucleophile Ser 147 in the consensus pentapeptide GXSXG (145 to 149) and the HGGG motif (amino acids 66 to 69), which is involved in hydrogen bonding interactions for stabilization of the oxyanion hole and plays a role in catalysis upstream of the active-site conserved motif, which is typical of the HSL family (Fig. 3) . The phylogenetic comparison of the REst1 with lipases/esterases of various families revealed that the REst1 clustered with the class IV The signal sequence is underlined, and promoter region GGTACA and ribosome-binding site GGAG are highlighted. Stop codon TAA is represented with an asterisk. family members (Suppl. Fig. S1 ). PSORT predicted that it was a periplasmic protein. Endscript predicted that the protein has 10 α-helices and 9 β-sheets (Suppl. Fig. S2) . The tertiary structure model was generated by I-TASSER which combines the methods of threading, ab initio modelling and structural refinement (Suppl. Fig. S3 ). The structure had a good C score of -0.43 (range -5, 2) and a good TM score of 0.66. A TM score of > 0.5 indicates a model of correct topology. However, the quality of the model, as checked by PROCHECK, was not considered satisfactory as it had only 67% of the residues in the allowed region of the Ramachandran plot.
Purification of REst1
The esterase enzyme was purified using ammonium sulfate precipitation and Phenyl Sepharose hydrophobic interaction chromatography ( Table 1 ). The purified esterase showed a single band with molecular mass of ≈34 kDa (Fig. 4A) . When activity was determined using native PAGE, two bands were observed: one at ≈96 kDa (active homotrimeric form) and the second at ≈34 kDA position (inactive monomeric form) (Fig. 4B) . These results suggest that the protein is a homotrimer of three subunits of ≈34 kDa, which are inactive in the presence of SDS. Result of chromatography (data not shown) in Sephadex G-100 further corroborated the molecular mass of the active protein (data not shown) to be ≈96 kDa.
Effects of Temperature and pH
The relative activity increased from 80% at 40 (Fig. 5A ). REst1 retained 70% of its activity at 50 o C when incubated for 1 h. With regard to pH, relative activity was maximum (100%) at pH 8 and decreased to 41% and 53% at pH 9 and 6, respectively (Fig. 5B) . At pH 8.0, 75% of the residual activity was retained after 1 h incubation.
Substrate Specificity and Kinetics
REst1 showed maximum activity with pNPC 4 , followed by pNPC 2 and pNPC 8 ( Table 2 ). Negligible activity was detected for the higher chain pNP esters like pNPC 12 , pNPC 14 , pNPC 16 , and pNPC 18 in the tested conditions. REst1 exhibited a simple hyperbolic Michaelis-Menten kinetics for the substrates. K m , k cat and k cat /K m were calculated. For temperature effect measurements, enzyme activity was measured using pPNC 4 at pH 8.0. For pH measurements, enzyme activity was measured using pPNC 4 and different buffers; 50 mM phosphate for pH 6 to 8, 50 mM Tris-Cl for pH 9, and 50 mM glycine-NaOH buffer for pH 10. (100% activity, 9.6 EU/ml). 
Effects of Different Effectors Mg
2+
, Hg
, Cu
, and Ca 2+ decreased the esterase activity, whereas Zn 2+ , Cd
, and Mn 2+ increased the esterase activity slightly (Table 3) . No activity could be detected in the presence of Triton X-100 and the activity decreased in the presence of SDS, CTAB, and Tween 20. Modification of REst1 with 1 mM each of PMSF and DEPC completely inhibited esterase activity and eserine reduced it by 50%.
Effects of Organic Solvents
REst1 was incubated with different organic solvents ranging in concentration 10-50% for 1 h at 37 o C and the residual activity was determined. There was a gradual decrease in activity in the cases of DMSO, methanol, ethanol, and hexane (Fig. 6) . Isopropanol, dioxane, xylene, pyridine, acetic acid, ethyl acetate, and benzene completely inactivated the enzyme, even at a concentration of 10%.
DISCUSSION
Rheinheimera species that have been described to date are either from sea or fresh waters. This work reports a new species of genus Rheinheimera from industrial wastewaters of Chandigarh City. Several reports describe cloning and characterizations of microbial esterases, but esterases from this genus have not been reported. On the basis of the very low nucleotide as well as amino acid sequence identity of the REst1, it has been proposed that it represents a new esterase. It contains a dipeptidyl amino peptidase domain along with hydrolase and esterase/lipase domains. This pattern is similar to the esterase from Pyrococcus furiosus [2] . This domain is present in serine proteases whose catalytic site (Ser-Asp-His) is similar to that of esterases/ lipases. This suggests that REst1 probably belongs to both proteases and esterase/lipase families. The presence of conserved sequence blocks of the class IV family clearly clusters it with this group of lipases/esterases. Bacterial enzymes belonging to the class IV family show similarity to human HSL, which plays a role in lipid metabolism [4] . The catalytic domain of HSL displays similarity to prokaryotic family IV enzymes, indicating its evolution from them. REst1 showed 17% sequence identity to human HSL, basically in the catalytic domain region of human HSL. The promoter of the human HSL gene has only recently been characterized and has no TATA or CAAT box. It does contain the consensus sequences common in TATA-less promoters like a GC-rich region, an AT-rich region, and an initiator region. The promoter region of REst1 has a -35 sequence GGTACA, which only corroborates the pattern. Multiple alignments revealed the presence of sequence blocks that are highly conserved in the HSL family. The predicted tertiary structure of REst1 obtained by I-TASSER could not be validated by PROCHECK. The structure did not identify with any of the known structures in PDB, indicating that it probably represents a novel structure. REst1 and Cellvibrio lipases are more closely related to each other than to any other member (<30%) of the HSL family. Based on the sequence comparisons and tertiary structure predictions, it is predicted that REst1 and C. japonicus lipase constitute a new subclass of the class IV family.
According to a Kyte-Doolittle plot, the N-terminal region is highly hydrophobic and may anchor the enzyme in the cell membrane in Rheinheimera sp. However, E. coli expressed the esterase protein both periplasmically (43%) as well as extracellularly (50%) after 24 h growth. REst1 existed in both inactive monomeric (30%) and active trimeric forms (70%). Kademi et al. [18] reported an esterase from Bacillus circulans that also existed in a trimeric form. This esterase showed the presence of disulfide bonds between the monomeric units, whereas the REst1 homotrimer seems to assemble through non-disulfide bonds between monomers, as the thiol group inhibitors β-mercaptoethanol and DTT did not show significant effect on the activity of the enzyme. The values of k cat for REst1 are well within the range as reported for other hormonesensitive lipase family esterases including Alicyclobacillus acidocaldarius (3,420 s ) [25] . Ca 2+ ions are known to enhance the activity of some esterases/lipases [15] but no effect was seen on REst1. Divalent cations along with EDTA did not affect the enzymatic activity even after long incubations, similar to esterases from Lactobacillus plantarum [10] and Geobacillus kaustophilus HTA426 [13] , suggesting that REst1 is a non-metallozyme. When modified with PMSF and DEPC, complete loss of activity occurred, and with eserine, activity reduced by 50%, suggesting the presence of Ser and His residues in the active site as a part of the catalytic triad and that REst1 is a serine esterase. The organotolerance of REst1 was directly proportional to the polarity index of the organic solvents. It was most stable in DMSO (PI 7.2), followed by methanol (PI 5.2), then ethanol (PI 4.3), but showed no activity in the presence of isopropanol (PI 3.9) and other organic solvents of low polarity index. Such a pattern was also observed with esterase from Geobacillus kaustophilus HTA426 [13] .
Esterases belonging to the HSL family have been employed in the development and production of valueadded products, including pharmaceuticals, transesterification reactions, and plant cell wall degradation as well as heroin degradation [29] . REst1 is currently being applied in the removal of lipophilic extractives from eucalyptus kraft pulp for improving the pulp properties. This biotechnological applicability will be part of a future communication.
